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Improved catalyst support material 
Field off the Invention 

The present invention relates to the preparation of highly stable, high surface area 
catalyst carrier materials derived from hydrotalcite-type materials by calcination at 
an elevated temperature. 

Background of the Invention 

Hydrotalcite is a layered mineral of fonnula: MgeAl2(OH)i6C03 4H20. Over the 
years, a large number of hydrotalcite-like compounds, of general formula: [M(il)^. 
,M(lll),(OH)2r(A"V/n) nr^HjO, where A = anions, have been prepared (1). These 
compounds are characterised by a sheet-like structure, in which the anions are 
located in the intertayer between two brucite-like sheets containing the metal ions. 
M", M"' metal ions having an ionic radius which is not too different from Mg^"^ can 
form hydrotalcite-like compounds (1). 

Upon calcination at400-700°C, a high surface area (typically 160-220 mVg) 
material with an XRD pattern typical for MgO is formed, without separation of the 
two metal ions into separate oxide phases (2). Upon calcination at even higher 
temperatures, the mixed oxide is gradually transformed into a spinel structure, i.e.; 
M"M'"204, with a much lower surface area (3-4). 

A catalyst comprising a Group VIII noble metal, a Group IVA metal, optionally a 
Group lA metal and a carrier substantially consisiting of a mixed 
Magnesium/Aluminium Oxide Mg(AI)0 is disclosed in Den norske stats 
oljeselskap's Intemational Patent Application WO 94/29021. The catalyst is 
particularly suitable for the dehydrogenation of C2.5 alkanes to C2.5 alkenes with or 
without simultaneous oxidation of the hydrogen formed. 
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One major use for the materials described in the present application is as support 
materials for catalysts (1), for instance for the catalytic dehydrogenation of lower 
alkanes (5). 

It has been reported that certain materials formed by calcination of a Mg-AI- 
containing hydrotalcite at 300-700°C exhibit a high stability towards sintering in a 
humid atmosphere (2)(6). In the present invention, it has been found that the 
materials covered by this invention predominantly maintain the MgO structure, and 
also a high specific surface area, after calcination at temperatures above 700°C. 
Further, it has been found that the materials thus fomned exhibit an improved 
stability towards sintering compared to the materials reported in (2) and (6). 

The International Patent Application WO94/29021 discloses a new catalyst and 
processes for dehydrogenating saturated hydrocarbons. The catalyst disclosed 
therein contains 0.1 to 1.0 percent by weight of a Group VIII noble metal, 0.1 to 
3.0 percent by weight of a Group IVA metal, 0-0.7 percent by weight of a Group lA 
metal, calculated on the total weight of the catalyst. Said catalyst is prepared by 
incorporating a Group VIII noble metal, a Group IVA metal and optionally Group lA 
alkali metal onto a carrier consisting essentially of a mixed oxide of magnesium 
and aluminum, Mg(AI)0, and subjecting the thereby obtained material to a 
pretreatment (ROR pretreatment) comprising a reduction, preferably in hydrogen, 
subsequent oxidation, preferably in air optionally mixed with nitrogen, and finally a 
second reduction, preferably in hydrogen. The catalyst is described to be used in 
a process for dehydrogenating dehydrogenatable C2.30 hydrocarbons, preferably 
C2.5 paraffins, wherein the hydrocariaons under suitable dehydrogenation 
conditions are contacted in one or more reaction zones with a solid catalyst of the 
abovementioned composition. 

The carrier for the catalyst may be prepared by adding a solution of sodium 
hydroxide and sodium cariDonate to a solution of magnesium nitrate and aluminum 
nitrate according to the method described in Journal of Catalysis 94 (1985), the 
pages 547-557. Instead of sodium hydroxide and sodium carbonate, potassium 
hydroxide and potassium carbonate can be used, see Applied Catalysis 55 
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(1989) pages 79-90. A hydrotalcite-like compound MggAlj (OH)i6C03.4H20 is 
formed by evaporation (drying) of the abovementioned mixtures. The hydrotalcite 
is then calcinated at a temperature 500-800°C to give Mg(AI)0. The molar ratio of 
Mg to Al typically ranges from 1:1 to 10:1, and the surface area is typically 
ranging from 100 to 300 m^ per gram, preferably from 140 to 210 m^ per gram, 
and the particle size can be in the range of lOOjim to 20 mm. 

Albeit a calcination temperature range of about 500 to about SOO'^C is indicated, 
the calcination temperature in the examples is consistently 700°C for about 15 
hours. 

Results of a dehydrogenation of propane is presented in Table 1 indicating an 
improved efficiency of the catalyst compared to prior art catalysts. 

However, the inventors of the present invention have found that the stability of the 
catalyst prepared in WO94/29021 is still lower than desirable. 

The aim of the present invention was therefore to develop a catalyst having the 
same catalytic performance as this prior art catalyst with regard to catalyst activity, 
but at the same time increasing the catalyst life time by preventing irreversible 
deactivation like sintering of the support. 

Thus the present invention provides for a catalyst support material comprising a 
mixed oxide consisting essentially of a divalent metal and a trivalent metal in a 
substantially homogeneous phase, which is a calcination product of a hydrotalcite- 
like phase calcinated at a temperature of about 700 - 1200 ^C, wherein the 
divalent metal/trivalent metal molar ratio is equal to, or higher than 2. 

Tests of the effect of the calcination temperature of hydrotalcite and hydrotalcite- 
like materials at different temperatures from 700 "^C to 1200 °C were therefore 
investigated. 

By performing these investigations it was surprisingly found that by raising the 
calcination temperature of the catalyst support precursor hydrotalcite to the range 
of 750 to 950''C an improvement of the catalyst stability could be achieved with an 
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acceptable reduction in the surface of the catalyst carrier compared to the gain in 
stability at use. In a further aspect the present invention thus relates to a catalyst 
support material comprising a mixed oxide consisting essentially of Mg and Al in a 
substantially homogenous phase, which is a calcination product of a hydrotalcite 
phase, preferably calcinated at a temperature of 750 to 950°C. wherein the Mg/AI 
molar ratio is equal 2 or higher than 2. Particularly the calcination has been 
effected at 770 to 850 °C and preferred at about 800 °C . 

Preferably the Mg/AI molar ratio is in the range of about 2.5 to 6.0. and particularly 
the Mg/AI molar ratio is in the range about 3 to about 5. 

In another aspect of the present invention a method for preparing said catalyst 
support material is provided wherein a solution comprising a divalent metal salt 
and trivalent metal salt is mixed with a basic aqueous solution, the reaction 
product recovered from said reaction mixture, said product being washed and 
dried, and the dried product is calcinated at a temperature ranging from about 700 
- 1200 °C. 

The preferred divalent metal therein is Mg and the preferred trivalent metal therein 
is Al. 

Calcination temperatures in the range of 750 - 950 °C have been found 
particularly suitable. 

More preferably the calcination takes place at a temperature ranging from about 
770 to about 850°C. 

The best results have so far been achieved when the calcination was performed at 
about 800 X . 

The calcination may be effected for f.i. about 1 to about 20 hours, and preferably 
the calcination is effected for about 2-15 hours. 

The basic aqueous solution used in this process is preferably a composition of 
aqueous ammonium or alkali metal hydroxides and carbonates. 
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The molar ratio of hydroxide to carbonate may f.i. be within the range of 1 :1 to 3:1 . 

In another aspect the present invention relates to a dehydrogenation catalyst 
comprising a 1. Transition row metal of the Periodic System and/or a Group VIII 
metal impregnated on to the catalyst support described above. 

Preferably the 1 . Transition row metal of the Periodic System is Cr. 

Preferably this catalyst comprises both a Group IVA metal and a Group VIII metal 
impregnated on to the catalyst support material mentioned above. Optionally a 
Group lA metal may be used together with the Group VIII metal and the Group 
IVA metal. 

Preferably the Group VIII is Pt , the Group IV metal is Sn and the Group lA metal 
is Cs. Preferably the Group VIII metal catalyst is in the range of 0.05 to 5.0 
percent by weight and the amount of the Group IVA metal is 0.05 to 7.0 percent 
by weight, optionally Group lA 0,05 to 5 percent by weight. 

The present invention also relates to a process for the catalytic dehydrogenation 
of light alkanes wherein a stream of such light alkanes is passed through a layer 
of the catalytic active compositions described above in the presence or absence of 
steam. 

Thus, according to one embodiment this process is performed in the presence of 
steam. 

In another embodiment the process is performed in the absence of steam. 

At last the present invention relates to the use of the catalytic composition as 
described above for the dehydrogenation of light alkanes. 

Figures: 

Figure i shows steam stabilisation tests at 650 °C , materials prepared by Mg/AI 
ratio 3 and 5 and calcination temperature 700 and 800 °C . 
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Figure 2 shows steam stabilisation tests at 650 °C . materials prepared by Mg/AI 
ratio 3 and 5 and calcination temperature 800 °C . 

Figure 3 shows steam stabilisation tests at 650 °C , materials prepared by Mg/AI 
=3 and calcination temperature 700 "C by using NH4* or Na* salts in the 
precipitation of the materials. 

Figure 4 shows steam stabilisation test and thermic stabilisation test at 650 °C , 
materials prepared by Mg/AI =5 and calcination temperature 800 °C . 

The steam testing discussed later in the following examples shows that materials 
calcinated at 800°C after 72 hours have a higher specific surface area than those 
calcinated at 700''C. (See fig. 1.) 

This involves a less frequent change of catalyst in the dehydrogenation process of 
light alkanes to alkenes. This less frequent changing of catalyst is of great 
importance when running a dehydrogenation reaction in industrial plants. This 
surprising improvement was not to be expected from the prior art disclosure as set 
forth in the International Application WO94/29021 discussed above. 

The following Examples are set forth to illustrate the invention disclosed herein. 
These examples should not, however, be construed as limiting the scope of the 
novel invention: 

General 

Calcination was performed under flowing air (100 ml/min). The sample (5-50 g) 
was heated with a heating rate of 3°C/min to the final calcination temperature. 
After completing the calcination, the sample was cooled with a cooling rate of 
appx. 2*'C/min. 

Specific surface area was measured using nitrogen by the BET method. The 
measurement accuracy was ± 5%. Powder XRD (Siemens D-5000 diffractometer 
with Cu-K„ radiation) was used to check crystallinity. 
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Example 1 

A Mg(AI)0 material having an atomic ratio of Mg to A! of 3:1 was prepared 
according to the following procedure: An aqueous solution of 0.55 mole of NH4OH 
and 0,045 mole of (NH4)2C03 was treated with a solution of 0.91 mole of 
Mg(N03)26H20 and 0.09 mole of AI(N03)39H20 at a temperature of about 60°C (pH 
= 9). After filtration, washing and drying at about 100^C for about 15 hours, a 
hydrotalcite MgeAl2(OH)i6C034H20 was formed. The material thus obtained was 
calcined at 700°C for about 15 hours, whereby Mg(AI)0 was formed. The structure 
was confirmed by X-ray diffraction analysis, and the surface area was measured 
to be 176 m% 

Example 2 

A Mg(AI)0 material having an atomic ratio of Mg to Al of 3:1 was prepared 
according to the following procedure: An aqueous solution of NaOH and NajCOa 
was treated with a solution of MgCl2*6H20 and AICI3-6H20 in a similar way as in 
example 1 resulting in the above mentioned Mg(AI)0 material. After filtration, 
washing and drying also in a similar way as in example 1 a hydrotalcite 
Mg6Al2(OH)i6C034H20 was formed. The structure was confirmed by X-ray 
diffraction analysis. 

a) The material thus obtained was calcined at about 700°C for about 15 hours, 
whereby Mg(AI)0 was formed. The structure was confirmed by X-ray diffraction 
analysis, and the surface area was measured to be 187 m^/g. 

b) The material thus obtained was calcined at about 800X for about 15 hours, 
whereby Mg(AI)0 was formed. The structure was confirmed by X-ray diffraction 
analysis, and the surface area was measured to be 162 m^/g. 

c) The material thus obtained was calcined at about 900^*0 for about 15 hours, 
whereby Mg(AI)0 was formed, together with traces of inverse MgAl204 spinel. The 
structure was confirmed by X-ray diffraction analysis, and the surface area was 
measured to be 1 10 m^/g. 

d) Thefhaterial thus obtained was calcined at about 1000°C for about 15 hours, 
whereby Mg(AI)0 was formed, together with some inverse MgAl204 spinel. The 
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Structure was confirmed by X-ray diffraction analysis, and the surface area was 
measured to be 61 m^/g. 

Example 3 

A Mg(AI)0 material having an atomic ratio of Mg to A! of 5:1 was prepared 
according to the following procedure: An aqueous solution of NaOH and NazCOg 
was treated with a solution of MgClz-eHsO and AICl3'6H20 in a similar way as in 
example 1 resulting in the above mentioned Mg(AI)0 material. After filtration, 
washing and drying also in a similar way as in example 1 a hydrotalcite 
MgeAl2(OH)i6C034H20 was fomied. The structure was confimried by X-ray 
diffraction analysis. 

a) The material thus obtained was calcined at about 700°C for about 15 hours, 
whereby Mg(AI)0 was formed. The structure was confirmed by X-ray diffraction 
analysis, and the surface area was measured to be 169 m^/g. 

b) The material thus obtained was calcined at about 800°C for about 15 hours, 
whereby Mg(AI)0 was fomied. The structure was confirmed by X-ray diffraction 
analysis, and the surface area was measured to be 157 mVg. 

Example 4 

To investigate their steam stability, the support materials obtained as described in 
Examples 1 , 2a) and 3a) were tested in a fluidized bed quartz apparatus. The 
steam stability test procedure was as follows: 

The material was loaded into the reactor, which was then heated to 600°C under a 
N2 flow. When 600°C was reached, steam was added to the feed. Such conditions 
(600°C, 50%H2O/50%N2) were maintained for 22 hours. A sample of the material 
was then withdrawn from the reactor, and the temperature increased to 650°C. 
Such conditions (650X. 50%H2O/50%N2) were maintained for 48 hours. New 
samples^ were withdrawn at 650°C. After completion of the test, the steam feed 
was turned off. and the reactor cooled to 25°C under a N2 flow. The remainder of 
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the material was then collected. The sample materials were analysed by BET and 
XRD. 

The steam stability test results are shown in Figure 1 and 3. (Example 1 is only 
included in Figure 3). The surface area in mVg plotted along the vertical axis is 
expressed as a function of the duration of the steam stability test in hours (plotted 
along the horisontal axis). 

Example 5 

To investigate the influence of calcination temperature on the materials* steam 
stability, the support materials obtained as described in Examples 2b) and 3b) 
were tested in a fluidized bed quartz apparatus, according to Example 4, but with 
a prolongued test duration at 650^*0 (336 hours). 

The results for the whole test (314 hours) are shown in Figure 2. The test for the 
first 72 hours is shown in Figure 1 together with the results from Example 4. The 
surface area in m^/g plotted along the vertical axis is expressed as a function of 
the duration of the steam stability test in hours (plotted along the horisontal axis). 

Example 6 

To investigate its thermal stability, the support material obtained as described in 
Example 3b was tested as described in Example 5, except that 100% Nj was used 
as feed gas during the whole test. The thermal stability test results are shown in 
Figure 4. 

Example 7 

A Mg(AI)0 material having a particle size less than 100 fam, prepared according to 
any one of Example 1-3, was impregnated with a solution containing tin chloride 
and hexachloroplatinic acid according to the following procedure: 
0.2304*g SnCl22H20 and 0.0805 g H2PtCl66H20 were dissolved in 80 ml of ethanol 
and the mixture was added to 10.1 g of Mg(AI)0. After completion of the 
impregnation the material thus obtained was evaporated to dryness in a vacuum 
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and was then dried at about 100°C for about 15 hours, whereupon the dried 
material was calcined at 560**C for about 3 hours in air supplied in an amount of 

100 cmVmin, 

Example 8 

To investigate its steam stability, a material prepared as described in Example 7, 
with Mg/AI ratio of 3. and which had been calcined at 700°C prior to impregnation, 
was tested as described in Example 4. The steam stability test results are shown 
in Figure 1 . 

Example 9 

To investigate its stability during catalytic testing, two materials prepared as 
described in Example 7, with a Mg/AI ratio of 3, and which had been calcined at 
700 or SOO^C prior to impregnation, were pelletised by pressing, crushing and 
sieving to a pellet size of 0.7-1 .0 mm, and tested as a catalyst for propane 
dehydrogenation. The tests were performed in a titanium laboratory scale fixed 
bed reactor with an inner diameter of 9 mm. A titanium tube with an outer 
diameter of 3 mm was located in the center of the reactor. The catalyst pellets 
were placed on a titanium sinter in the reactor. The reactor temperature was 
controlled by a termocouple placed in the tube inside the reactor. The total 
pressure in the reactor was 1,1 bar. The catalysts (appx. 1 g) were tested under 
the following conditions: T = 600-620°C, GHSV = 600 h"' and CjHaiHzO = 1:2 
(mole basis). The BET surface area measured before and after testing is shown in 
Table 1. 
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Calcination 
temperature 

rc) 


Test duration 
(h) 


BET surface area (mVg). 
after: 






Pelletisation 


Testing 


700 


380 


124 


112 


800 


380 


131 


121 



The results presented in the Examples show that the initial surface area of the 
calcined materials decreases with increasing calcination temperature. The results 
presented in Figure 1 and 2 further show that the materials calcined at a higher 
temperature maintain a higher specific surface area during subsequent steam 
testing at 600-650°C. Indeed, for a steam test duration of more than 72 hours, the 
materials calcined at 800°C have a higher specific surface area than those 
calcined at 700°C, 

It is further observed that the initial specific surface area of the materials calcined 
at a certain temperature, decreases with an increasing Mg/AI ratio. During 
subsequent steam testing for 336 hours the material with a higher Mg/AI ratio 
maintain a higher specific surface area compared to the material with a lower 
Mg/AI ratio (Figure 2). Indeed, after 50 hours of steam testing, the order of 
specific surface area is reversed, so that the materials with a higher Mg/AI ratio 
have a higher specific surface area than those with a lower Mg/AI ratio (Figure 1). 

Preparation of the material with NH4* instead of Na* precursor led to a material 
with a slightly lower initial specific surface area but with a higher stability during 
steam testing (Figure 3). 

Impregnation of a calcined material with Pt and Sn led to a decrease in the initial 
specific surface area of that material. The subsequent decrease in specific surface 
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area during steam testing was similar to that observed for the fresh material 
(Figure 1). 

Pelletisation of the impregnated materials led to a decrease in their specific 
surface area (Table 1). Subsequent testing of the material as a propane 
dehydrogenation catalyst showed that the excellent surface area stability 
observed for these materials during steam testing, is also valid under catalytic test 
conditions. Even here, an improved stability was indicated for the material 
calcined at 800^*0. 

Finally, it is observed that the presence of steam is an important factor for the 
thermal stability of the materials covered by this invention: When no steam was 
added to the feed the specific surface area of a Mg/AI = 5 material calcined at 
800°C was stable throughtout a 334 hours test at 600-650'*C (Figure 4). 

This means that to prevent sintering of the catalyst support during the 
dehydrogenation of alkanes, the dehydrogenation can advantageously be 
performed without steam. 
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Patent claims 

1 . Catalyst support material comprising a mixed oxide consisting essentially of a 
divalent metal and a trivalent metal in a substantially homogeneous phase, 
which is a calcination product of a hydrotalcite-like phase calcinated at a 
temperature of about 700 - 1200 °C, wherein the divalent metal/trivalent metal 
molar ratio is equal to, or higher than 2. 

2. The catalyst support material of the claim 1, wherein the divalent metal is Mg 
and the trivalent metal is Al. 

3. The catalyst support material of the claim 2, which is a calcination product of a 
hydrotalcite(-like) phase calcinated at a temperature of about 750 - 950 °C. 

4. The catalyst support material of claim 1-3, wherein the hydrotalcite(-like) 
phase has been calcinated at a temperature of about 770 - 850 ^'C . 

5. The catalyst support material of claim 1-4, wherein the hydrotalcite(-like) 
phase has been calcinated at a temperature of about 800 °C . 

6. The catalyst support material according to claim 2-5, wherein the Mg/AI molar 
ratio is in the range about 2,5 to about 6,0. 

7. The catalyst support material according to claim 4, wherein the Mg/AI molar 
ratio is in the range about 3 to about 5. 

8. A method for preparing the catalyst support material according to claim 1, 
wherein a solution comprising a divalent metal salt and a trivalent metal salt is 
mixed with a basic aqueous solution, the reaction product recovered from said 
reaction mixture, said product being washed and dried, and the dried product 
calcinated at a temperature ranging from 700 - 1200 °C. 



wo 99/46039 



14 



PCT/NO99/00085 



9. The method of the claim 8, wherein the divalent metal is Mg and the trivalent 
metal is Al. 

10. The method of the claims 8 and 9, wherein the hydrotalcite(-like) phase is 
calcinated at a temperature of about 750 - 950 °C, 

1 1 The method of the claims 8-10, wherein the dried product is calcinated at a 
temperature ranging from about 770 to about 850 ^'C. 

12. The method of the claims 8 - 1 1, wherein the dried product Is calcinated at a 
temperature about 800 °C. 

13. The method of the claims 8 to 12, wherein the basic aqueous solution is a 
composition of aqueous ammonium or alkali metal hydroxides and carbonates. 

14. The process of the claim 13, wherein the basic aqueous solution is a 
composistion of aqueous ammonium hydroxides and carbonates. 

15. A dehydrogenation catalyst comprising a 1. Transition row metal of the 
Periodic System and/or a Group VIII metal impregnated onto the catalyst 
support material according to the claims 1-7. 

le.The dehydrogenation catalyst of the claim 15. wherein the 1. Transition row 
metal of the Periodic System is Cr. 

17.The catalyst according to the claims 15 and 16, wherein a Group IVA metal 
and optionally a Group lA metal have been impregnated together with a Group 
VIII metal onto the catalyst support material according to claim 1. 

IS.The catalyst according to any one of claims 15-17. wherein the Group VIII 
metal is Pt. and the Group IVA metal is Sn, and the Group lA metal is Cs. 
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19. The catalyst according to any one of claims 15-18, wherein the amount of the 
Group VIII metal is 0.05-5.0 % by weight, the amount of the Group IVA metal is 
0.05-7.0 % by weight, and the amount of the optional Group lA metal is 0,05 - 
5,0 % by weight. 

20. A process for the catalytic dehydrogenation of light alkanes. wherein a stream 
of light alkanes are passed through a layer of the catalytically active 
compositions according to any one of claims 15 - 19 in the presence or 
absence of steam. 

21. The process of the claim 20, wherein the catalytic dehydrogenation is 
performed in the presence of steam. 

22. The process of claim 20, wherein the catalytic dehydrogenation is performed in 
the abscence of steam. 

23The use of a catalytic composistion according to any of the claims 15 - 19 for 
the dehydrogenation of light alkanes. 
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